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Abstract
Background: Lumbopelvic stability training (LPST) and massage therapy are common therapies used for pain reduction and man-
agement of low back pain. However, the effects of LPST and sports massage therapy (SMT) for management of chronic non-specific
low back pain (CLBP) among elite weightlifters have never been studied before.
Objectives: The current study investigates the therapeutic effects of LPST and SMT on pain intensity (PI), pain pressure threshold
(PPT) and tissue blood flow (TBF) among elite weightlifters with CLBP.
Methods: A total of 16 female athletes training for the international and Olympic weightlifting competitions participated in a ran-
domized balanced cross-over study. The athletes were randomized into three sessions of LPST and SMT with a time interval of 24
hours within sessions and a wash out period of 4 weeks between the sessions. The PI, PPT and TBF were measured before and after
each session repeatedly in both groups of interventions. The changes in the PI, PPT and TBF within and between the groups were
analysed using repeated measures analysis of variance [ANOVA].
Results: The results demonstrated a reduction of PI (P = 0.01), increase in PPT (P = 0.01) and improvement of TBF (P = 0.01) among
the participants in both groups of interventions. The SMT group showed a trend of greater therapeutic benefits when compared to
LPST group especially in PI (P = 0.001).
Conclusions: The findings suggest positive evidence on the therapeutic effects of LPST and SMT for management of CLBP among
elite weightlifters with improvement in PI, PPT and TBF. Coaches, clinicians, and athletes may consider LPST and SMT as useful inter-
ventions for management of CLBP among elite weightlifters.
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1. Introduction
Weightlifting was one of the physically demanding
sports in the recent 2016 Olympics games at Rio de Janeiro,
Brazil. A total of 8 World and 13 Olympic records were
smashed by elite weightlifters at Rio de Janeiro2016, which
makes weightlifting an extremely intense competition (?
). In literature, weightlifting is referred to Olympic-style
weightlifting but not power lifting, body building or gen-
eral weight training; and elite weightlifters are profes-
sional athletes who train to compete in the weightlifting
sport at Olympic level games (? ). The high intensity, hard
training regime and extreme physical performance of the
sport may expose athletes to several musculoskeletal in-
juries (? , ? ). The common body sites for injuries include
lower back, knee and shoulder amongst which lower back
region accounts for 40.8% to 64% of injuries among elite
weightlifters (? , ? ). Furthermore, dysfunctional core mus-
cles of lumbopelvic region and impaired lumbopelvic sta-
bility are suggested as contributing factors for low back
pain among athletes (? -? ). Therefore, rehabilitation of
back pain and optimal lumbopelvic stability are important
issues to coaches and health care practitioners for injury
prevention and management. In this regard, lumbopelvic
stability training (LPST) and sports massage therapy (SMT)
are some of the possibly useful treatments for manage-
ment of CLBP.
LPST and SMT are part of manual therapy techniques
with different therapeutic effects (? -? ). LPST improves
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core muscle thickness, increases spinal stability, restrains
abnormal movements at lumbar spine, reduces lumbar
pain and prevents injury of lumbopelvic region (? -? ).
On the other hand, SMT assists warming up of muscles,
reduces muscle soreness, improves circulation, removes
metabolic waste, and promotes relaxation (? -? ). Although
the positive benefits of LPST and SMT were documented in
the literature, no scientific data exists on the comparison
of the therapeutic effects between these two interventions
among elite weightlifters with CLBP. Nevertheless, LPST
and SMT are some of the common treatments discussed in
clinical guidelines to treat CLBP in day to day practice (? ).
Thus, it is important to investigate the therapeutic effects
between LPST and SMT among elite weightlifters with CLBP.
Therefore, the main aim of the study was to compare the ef-
fects between the LPST and SMT on the pain intensity (PI),
pain pressure threshold (PPT) and tissue blood flow (TBF)
among elite female weightlifters with non-specific CLBP.
The study hypothesises that both LPST and SMT improves
PI, PPT and TBF among the elite weightlifters with CLBP. The
study findings may assist coaches, sports scientists, clini-
cians, and athletes to understand the therapeutic effects
between LPST and SMT, and thereby to make an informed
decision on application of these techniques for manage-
ment of CLBP among elite weightlifters.
2. Methods
2.1. Participants
A total of 16 elite female weightlifters with CLBP
who were training for International and Olympic level
weightlifting competitions participated in the study. The
mean age of the participants was 20.44 ± 3.14 years and
they had been involved in weightlifting sports with a mean
duration of 6.38± 2.31 years approximately. The study de-
tails were advertised to the population of weightlifters in
the national weightlifting training camp through a notice
board. Pre-defined inclusion and exclusion criteria were
used to recruit the study participants. The participants had
mild to moderate back pain for the past three months with
a visual analog scale pain score value of between 2/10 - 7/10
cm and the location of pain was identified in the area be-
tween the 12thrib to gluteal folds. Any referred pain below
gluteal fold or neurological involvement in lower limbs,
history of past surgery, history of smoking and history of
any back injury in the past 3 months were considered as ex-
clusion criteria. Also, participants with menstruation, his-
tory of skin diseases over the trunk region and who were di-
agnosed having spinal stenosis were excluded. All partici-
pants were advised to refrain from any sort of medications,
weightlifting training protocols, stimulant (e.g. caffeine)
and alcohol consumption 12 hours prior to the study mea-
surements. All participants were briefed about the study
and written informed consent was collected prior to their
participation in the study. A university ethical committee
approved the human ethics for the study as per the stan-
dards of the Declaration of Helsinki, Finland.
2.2. Study Design
The effects of two groups of interventions; the LPST
training and the SMT among the weightlifters with CLBP
were investigated through a within subject repeated mea-
sures cross-over randomized allocation study design. Fig-
ure 1 shows the study cross over design with measure-
ments. The cross-over design was employed in this study
to avoid variations in the physical, physiological and psy-
chosocial characteristics among the study participants.
The two interventions were numerically coded in a sealed
envelope and the participants were randomly allocated to
any one of the two-intervention groups as per the con-
cealed allocation method. Once allocated to the group, ev-
ery participant received 3 sessions of intervention with a 24
hours interval between each session. After 4 weeks of wash
out period, the participants were allocated to the other in-
tervention group and thus the cross-over of the group was
performed during the trial.
2.3. OutcomeMeasurements
A total of three different outcome measures were used
in the study namely PI, PPT and TBF to understand the ef-
fects of LPST and SMT among the elite weightlifters. All the
outcome measures were performed before and after each
session repeatedly on both groups of interventions. A qual-
ified physical therapist who was not a part of the research
project measured all the outcome variables in the study.
All the outcome measurements and the interventions were
conducted in a controlled environmental room with a tem-
perature of 24.5±0.5°C and a relative humidity of 60± 5%.
The outcome measures for the PI and PPT were collected as
per the previously established protocols (? , ? ). The Visual
Analog Score (VAS) with a 10-cm indicator scale was used to
assess the severity of the pain. The participants rated the
pain intensity over the lumbosacral area on the VAS scale
with ‘no pain’ on the left end of the scale and ‘maximum
pain’ on the right end of the scale.
A pressure algometer (Somedic Production, Algometer
type II, Sweden) with a probe size of 1.0 cm2 was used to
collect the pressure pain threshold. The PPT was measured
in the unit of kilo Paskal (kPa). The calibration of the de-
vice was performed in the laboratory with a 100 kPa cali-
bration weight prior to the collection of the PPT measure.
The measure was collected over the two different body re-
gions namely upper trapezius and the lumbar region at the
2 Asian J Sports Med. In Press(In Press):e58644.
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Figure 1. The Study Cross Over Design with Measurements
most tender spot on a fixed point. To maintain consistency
of the measures, the skin was first marked using a marker
and the pressure pain measures were collected from the
same point. The pressure was applied on the marked spots
with an incremental increase at a rate of 40 kPa/sec until
the applied stimulus was perceived as painful by the par-
ticipants. The participants indicated the pain onset to the
therapist by pressing the button and the pressure score
was measured as PPT. A total of three measurements were
taken and the mean value of the 3 trials was used for fur-
ther analysis.
The TBF over the tissue at the lumbar region was mea-
sured as per a previously established protocol (? , ? ). A
laser Doppler blood flow meter (Moor instruments DRT4,
UK) was used to measure the TBF in flux/min with the par-
ticipants in prone position. The most tender spot on the
posterior aspect of lumbosacral region between the first
and fifth lumbar spine was identified and marked to stan-
dardize the measurement site for each participant for ev-
ery measure. The TBF was measured on the participants for
every minute for a period of 5 minutes through the laser
Doppler blood flow meter placed over the marked site. The
mean value of the TBF was used for analysis.
2.4. Exercise Interventions
2.4.1. Lumbopelvic Stability Training
The LPST was performed as per an established proto-
col (? , ? , ? ). A total of 3 days of LPST interventions
were applied with an interval of 24 hours rest between
each session. The LPST was performed in supine crook
lying position with hip flexion and knee flexion in 70o
and 90o respectively. A pressure biofeedback was placed
beneath the lumbar spine between the levels of second
lumbar spine and first sacral spine and the participants
performed the abdominal hallowing manoeuvre over the
pressure biofeedback unit that was inflated to 40 mmHg
of air pressure. Table 1 explains the different exercises of
lumbopelvic stability training with order of progression,
frequency of application and the duration of administra-
tion of the training. The exercises are illustrated in Figure
2. The LPST was performed and progressed with contrac-
tion of the core stabilization muscles. The progression of
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exercise training was stopped if the participants lost the
registered air pressure of 40 ± 10 mmHg in the pressure
biofeedback unit. The participants were instructed to stop
the exercises and to inform the therapist, if there was any
increase of back pain during the training conditions.
Table 1. Descriptions of the Lumbopelvic Stability Exercises
Lumbopelvic
Stability Training
Exercises
Frequency of
Application
Duration of
Application
1. Core with alternate
hip abduction
Every exercises were
performed 8 times x 2
sets
Approximately 20
minutes of duration
with 15 seconds of rest
interval between
repetitions
2. Core with
alternate knee raise
3. Core with both
arms adduction
4. Core with both
arms extension
5. Core with
alternate arm lift
6. Core with
alternate leg lift
7. Core with
alternate leg and
arm lift
2.4.2. Sports Massage Therapy
The SMT was administered with the participants posi-
tioned in prone position over a manual therapy bed with
lower legs supported on the pillows. The SMT was per-
formed on the back region extending from occiput to axil-
lary lines and up to posterior iliac crest for a total duration
of 20 minutes with moderate pressure on the tissues. The
various techniques of SMT and duration of administration
are explained in Table 2. The SMT as shown in (Figure 3) was
applied for a total of 3 days with an interval of 24 hours rest
between each session. All interventions were performed by
a qualified physical therapist as per the appointments by
an earlier agreed schedule.
2.5. Statistical Analysis
Based on a pilot study, at least fifteen participants were
required for the study when a G*power statistical program
calculated the sample size with a significant alpha level
of 0.05 and power analysis of 0.80 with an estimated ef-
fect size of 1.039 for the primary outcome of VAS. Thus, a
total of 16 elite weightlifters with CLBP from the women’s
National level elite weightlifting squad were recruited for
the study. The data were analysed using statistical soft-
ware package [SPSS] for windows version 20.0. The nor-
malization of data was examined using Shapiro-Wilk test
which showed normal distribution of the variables. The
Figure 2. The Lumbopelvic Stability Exercises
percentage change of the outcome variables was measured
through calculating the difference between pre-and post-
changes divided by hundred. The measured values of VAS,
PPT and TBF within each group and between the groups
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Figure 3. The Sports Massage Therapy Techniques
were analysed using repeated measures analysis of vari-
ance [ANOVA]. A level of significance of P < 0.05 was set
for all measures. In addition, to evaluate the assumption
of repeated-measures crossover design for carryover effect
and the time effects that each individual subject was the
same between levels of the primary factor being investi-
gated (i.e., SMT, and LPST), we conducted two sets of re-
peated measures ANOVAs on the pre-treatment data, with
one ANOVA comparing differences among conditions (ie,
SMT, and LPST) and the other ANOVA comparing differ-
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Table 2. Descriptions of the Sports Massage Therapy Techniques
Massage Techniques Description of
Technique
Duration of
Application
Eﬄeurage Cycles of pressured
long gliding stokes
with drainage towards
the axillary lymph
nodes
6 minutes, 3 minutes
duration x 2 cycles at
the beginning and end
of the session
Compression and
static contact
Moderate compressive
pressure applied
through the palm and
heel of the hand in a
slow sustained
pumping method
3 minutes per cycle of
intervention
Petrissage Pick up and squeeze
techniques with mild
to moderate pressure
5 minutes per cycle of
intervention
Kneading Moderate pressured
deep circular
movements performed
through fingers, palm
and heel of the hand
5 minutes per cycle of
intervention
Friction Quicker deeper
movements performed
on the tissue
perpendicular to the
direction of the
muscle fibers
1 minute per cycle of
intervention
ences among periods (i.e., 1st phase, and 2nd phase).
3. Results
The pre-treatment data for all outcome measures were
not different between conditions (ie, SMT, and LPST) or be-
tween periods (i.e., 1st Phase, and 2nd Phase) suggesting
no carryover and time effects of the repeated-measures
crossover design with 4-week wash out period in this study
(P > 0.05).
All the participants completed the intervention proto-
cols successfully in both the groups. The results show that
there are significant changes in VAS (P < 0.01), PPT (P <
0.01) and TBF (P < 0.01) among participants in both LPST
and SMT, however the trend of changes are higher in SMT
group when compared to LPST. The measured scores of VAS,
PPT and TBF and percentage changes (%Ch) within and be-
tween sessions among the participants in the LPST and SMT
groups from day 1 until day 3 are shown in Table 3.
4. Discussion
The current study investigated the effects of LPST and
SMT among elite weightlifters with CLBP. The findings sup-
ported the hypothesis that both LPST and SMT improved
the PI, PPT and TBF, while the observed positive effects
were greater in the SMT group when compared to the LPST
group. The effects of common exercises such as plyomet-
ric, strength training and conditioning exercises are gener-
ally reported among elite weightlifters (? ). To the knowl-
edge of authors, no research has compared the effects of
LPST and SMT among elite weightlifters with CLBP. In this
regard, the current study may assist coaches, sports scien-
tists, clinicians, and athletes to understand the effects of
LPST and SMT among elite weightlifting athletes with CLBP.
In order to accept efficacy of any intervention in clini-
cal practice, the therapeutic effect on the clinical variables
needs at least a 15% change in the pre- and post-test values
(? , ? ). The clinical effects of LPST and SMT in the current
study were more than 15% of change for several variables
ranging from 52.24% to 122.94% of increase in TBF, 12.08% to
35.10% of reduction in PI and 19.42% to 14.15% of improve-
ment in PPT respectively. Evidence suggests that an in-
crease in pain sensitivity in primary area of pain is an effect
of peripheral sensitization, whereas an increased sensitiv-
ity in areas anatomically remote for the primary area of
pain is an effect of the central sensitization phenomenon
(? ). Therefore in current study, the PPT was measured at
two different sites both locally in the lumbar region and re-
motely over the upper trapezius muscle to understand the
effect of changes in peripheral and central sensitization.
Thus, a reduction in PPT over the lumbar region and upper
trapezius possibly suggests that LPST and SMT may have
both peripheral and central systemic effects on pain mod-
ulation. The clinical effects of the current study are sup-
ported by other manual therapy techniques such as pos-
terior anterior mobilization techniques on lumbar spine
and manual mobilizations techniques in knee joint as they
all exhibit peripheral and central systemic effects on pain
modulation (? , ? ). Furthermore, recent evidence supports
our study findings in which LPST has peripheral and cen-
tral pain modulation effects among low back pain patients
(? ).
Improvements in TBF and PI were noticed as signifi-
cant effects after LPST and SMT among elite weightlifters
with CLBP. The improvement in TBF was three to eight
times higher in terms of clinical detectable change which
ranged between 52.24% and 122.94% approximately. The
observed clinical effect is comparable with other past stud-
ies that have reported improvements in TBF and PI after
LPST among CLBP (? , ? ). Similarly, the effect of improve-
ment in TBF after SMT was similar to a past study that re-
ported increase in skin blood flow and blood volume to
lumbar paraspinal muscles after massage (? ). As SMT in-
volves mechanical stimulation of soft tissues, the rubbing
and mechanical pressure on soft tissues may have led to
an increase in tissue blood flow by raising the arteriolar
pressure (? , ? ). The reduced PI observed among elite
weightlifters may be related to the mechanical, biochemi-
6 Asian J Sports Med. In Press(In Press):e58644.
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Table 3. Comparison of VAS, PPT and TBF Outcomes and Percentage Change (%Ch) Values are Showed as Mean± Standard Deviation (SD) and Represented as Cohen’s d Effect’s
Size Between the LPST and SMT Groupsa
Groups Outcome Measures
VAS PPT-Lumbar Region PPT-Upper Trapezius Tissue Blood Flow
Pre- Post- %Ch (d) Pre- Post- %Ch (d) Pre- Post- %Ch (d) Pre- Post- %Ch (d)
LPST Day 1 5.12± 2.47 4.18± 2.10 15.45b (0.41) 472.28±
98.64
516.77±
88.10
10.38b
(0.48)
377.85±
60.58
427.28±
61.69
13.66b (0.81) 13.78± 3.04 20.90±
3.08
57.56b (2.33)
Day 2 4.37± 2.06 3.75± 1.94 15.52b (0.31) 565.34±
100.50
608.39±
107.21
7.71b (0.41) 474.91±
74.16
517.31±
76.33
9.16b (0.56) 13.54± 2.71 20.42±
3.48
55.90b (2.21)
Day 3 3.62± 1.74 3.18± 1.64 12.08b
(0.26)
661.38±
124.79
711.69±
126.50
7.85b (0.40) 534.61±
79.69
585.86±
89.27
9.67b (0.61) 12.98± 2.39 19.46± 3.21 52.24b (2.28)
SMTDay 1 4.00± 1.09 3.06± 1.43 26.04b
(0.74)
440.64±
215.47
512.65±
227.23
19.42b , c
(0.33)
371.31±
112.07
423.15±
133.41
14.15b , c
(0.42)
11.03± 2.09 24.92±
12.44
122.94b , c
(1.56)
Day 2 4.06± 1.09 2.93± 1.52 26.94b
(0.85)
528.76±
214.35
587.85±
235.06
12.25b , d
(0.26)
415.86±
126.96
456.69±
130.87
10.91b , d
(0.32)
10.96± 2.23 23.37± 6.95 114.00b , c
(2.40)
Day 3 3.93± 1.34 2.62± 1.31 35.10b , c , e
(0.98)
598.69±
242.74
665.73±
255.85
12.88b , e
(0.27)
467.41±
147.32
519.31±
167.10
11.51b , e
(0.33)
11.49± 1.59 24.60±
7.99
112.36b , c
(2.28)
a VAS (cm), PPT (kPa), TBF (flux/min)
b Significant differences between pre-post (P < 0.01).
c LPST vs SM; P < 0.001).
d Significant differences between pre and post values between Day 1 and Day 2; P < 0.05).
e Significant differences between pre and post values between Day 1 and Day 3; P < 0.05).
cal and physiological effects of LPST and SMT (? -? ). Mul-
tiple other mechanisms such as pain gate theory, diffuse
noxious inhibitory control and stimulation of several anal-
gesic pathways are other possible theories that may sup-
port reduced PI observed among elite weightlifters (? ).
The study has a few limitations. The current research
investigated only the short-term effects of LPST and SMT
and hence, the long-term benefits of LPST and SMT among
the elite athletes need to be ascertained through further re-
search. The study involved only elite female weightlifters
which might limit the application of the study benefits to
elite male weightlifters. Some confounding factors such as
gender, level of motivation, anxiety and stress level may
also influence the study outcomes (? , ? ). A recent
systematic review recommends clear guidance on several
therapeutic determinants such as depth of application of
massage on target tissues, treatment durations, and back-
ground of the massage practitioner and description of
massage techniques to design an effective therapeutic pro-
tocol for massage therapy (? ). The strength of the current
study includes application of evidence based therapeutic
techniques of SMT and hence, it may provide coaches and
clinicians a clear protocol for practice. Although both LPST
and SMT may provide therapeutic effects to athletes with
CLBP, perhaps a combined intervention of LPST and SMT
can be considered as a therapeutic package for the man-
agement of CLBP among athletes. However, the effects of
the combined interventions of LPST and SMT is not known
currently and hence, the effectiveness of the combined in-
tervention needs to be ascertained using further studies.
5. Conclusions
The LPST and SMT interventions are likely to provide
therapeutic benefits by reducing PI, increasing PPT, and
improving TBF among elite weightlifters with CLBP. In ad-
dition, the percentage change of PI, PPT and TBF occurs
greater in the SMT intervention when compared to LPST.
Coaches, health care practitioners and weightlifters may
consider LPST and SMT as useful therapies in managing
CLBP.
Implication for health policy mak-
ers/practice/research/medical education:
This research focuses on a unique sporting population
of elite weightlifters and contributes to scientific evidence
on therapeutic strategies to manage low back pain. As per
our knowledge, this is the first research that evaluates the
therapeutic effects of LPST and SMT in the management of
low back pain among elite weightlifters. The study adds ev-
idence based towards the applied practice of LPST and SMT
for medical personnel, therapists, coaches and sports pro-
fessionals who deal with elite weightlifting.
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